ABSTRACT
INTRODUCTION
Nitrogen (N), an essential mineral nutrient, is present in aerobic soil in several forms, with 61 the oxyanion NO3-N being the primary species and hence the main available N source for 62 plant/microbial growth. The NO3-N demand by crops is greater than the natural supply from 63 3 most soils 1, 2 . Typically plant tissue concentrations are >1000 times higher than that of their 64 corresponding soil porewaters, therefore the diffusive supply of NO3-N to the roots is a major 65 limiting factor for production yields [1] [2] [3] . In order to sustain and enhance crop production, NO3-66 N fertilizers have been widely and heavily applied to agricultural soils, but N-use efficiency 67 remains low and over application of N fertilizers is common; an issue both of environmental 68 and economic concern [4] [5] [6] [7] [8] . although of low cost, for many soils they provide a poor prediction of plant-N uptake 9 .
73
Common difficulties associated with these assays include: i) a non-selectivity for NO3-N, 74 with the extraction also targeting all inorganic-N species. Therefore changes in speciation 75 during sample collection, transfer, storage and analysis need to be considered. ii) a failing to 76 encompass the rapid turnover of NO3-N in soil; a dynamic process governed by many factors 77 including microbial/plant/redox mediated species change, biotic uptake and abiotic 78 immobilisation 10 . Changes in the NO3-N pool with time are not accounted for by individual 79 soil extraction measurements because only a single temporal time point is assessed. 80 Furthermore, collection and processing of the soils invariably disturb the dynamics of the 81 system and hence introduce additional measurement discrepancies. Transporting the collected 82 field soils quickly to the laboratory is another consideration and challenge. with self-calibrations, a lack of sensitivity and selectivity (especially in complex soil 87 matrixes), the development of organic films and biofouling on the sensors, the high set-up 88 and running costs preclude these methods as a widespread soil screening tool. 14 .
In situ deployment provides a more realistic measure of the 100 soil NO3-N pool as any disturbance to the system during sampling is minimised. Purolite A520E anion exchange resin was developed for freshwaters 15 The diffusive layer thickness (∆g) and sampling window area (A) are specific to the geometry 167 of the DGT device, but consistent amongst samplers.
168
Diffusion coefficient (D). As no published diffusion coefficient for NO3-N in agarose gel was 170 available this had to be experimentally determined. This was achieved using a previously NaOH. . To test DGT performance at low ionic strengths, DGT assemblies were exposed to HxWxD: 40x20x3cm) were filled with dry, sieved (< 2 mm) paddy soil, which was set in 249 layers to achieve an even soil structure. Soils were carefully re-wetted with a water spray 
Capacity of DGT

332
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